Purpose: Tumor-infiltrating lymphocytes (TILs) become increasingly relevant to tumor progression. This study aims to evaluate (a) methods of TILs assessment and (b) their prognostic significance in gastric cancer (GC). Methods: The percentage of stromal TILs (psTIL) was reported semi-quantitatively by H&E evaluation. Herein, we screened two independent cohorts of breast cancer (n=240) and GC (n=481) for psTIL characterization. Correlations between psTIL and clinic-pathological features, as well as overall survival (OS) were further explored. Additionally, the prediction role of psTIL in GC was evaluated by receiver operating characteristic curve (ROC) analysis. Results: TILs could be demonstrably distinguished from other stromal areas and surrounding tumor nests according to the assessment method. More importantly, it is reproducible, easily to determine, and quickly performed. In GC, a two-grade scale for psTIL was appropriate to be divided into low and high subgroups by using the median value of 10% as the threshold. High psTIL was correlated with no serosa invasion, earlier TNM stage and better survival state (P<0.05 for all), and identified as a favorable prognostic factor both by univariate (HR: 0.734, P=0.047) and multivariate analyses (HR: 0.722, P=0.030). A beneficial OS of high psTIL was found in a linear manner with increasing TILs infiltrates associated with improved survival by Kaplan-Meier survival curve (P=0.030) and ROC analysis (AUC: 0.432, P=0.012). Conclusion: TILs provide a reproducible method for assessment that can potentially be used to guide management. The parameter psTIL could be served as an independent, favorable prognostic factor of GC.
Introduction
Gastric cancer (GC) is the fifth most common human malignant disease and the fourth leading cause of cancer-related death worldwide. 1 The survival of GC patients remains poor even after the surgery-centered multidisciplinary treatments. Large variations in clinical outcomes have been reported in patients with the same stage and similar treatment regimens. 2, 3 One of the key causes is that GC is a heterogeneous disease in its biologic behaviors, but the present GC staging system provides incomplete prognostic information; thus, additional information is necessary to improve tailored treatment for the individual patient. 4, 5 Notably, pathologists have long recognized the stromal, immune infiltration, nerves, and vasculature as integral parts of the tumor microenvironment, which often provide important information regarding tumor behavior, prognosis, and response to treatment. 6 Tumor-infiltrating lymphocytes (TILs), represented by T cells, B cells, and NK cells, are the major type of infiltrating immune cells. TILs are considered a manifestation of the host immune response against tumor cells, and several studies have already reported the potential of TILs as a prognostic parameter for various human malignancies, such as colorectal cancer, 7 non-small-cell lung cancer, 8 oropharyngeal cancer, 9 and breast cancer (BC). 10 Taken together, current data suggest that stromal TILs may be an important biomarker to predict the survival and select patients with the highest likelihood of responding to therapy. 11 For TIL evaluation to be incorporated into research (ie, stratification for clinical trials) or routine clinical care, the approach to quantifying TIL within the stromal and the tumor needs to be standardized. According to the International TILs Working Group, a detailed description of how to evaluate stromal TILs instead of total TILs and intratumoral TILs has been recommended as a potential consensus. 12, 13 Although such methods have also been recommended for other solid cancer, 14 only a few studies have investigated the prognostic impact of TILs in GC. 15 It is well acknowledged that good biomarkers in cancer must be validated refers to the robustness of the test, in terms of accuracy, reliability, and interobserver reproducibility. 16 Herein, the recommended method has been validated in 240 BC tissues, and then percentage of stromal TILs (psTIL) in 481 GC tumors was evaluated according to the recommended method. This study was aimed to evaluate the feasibility and reproducibility of this method, and the possibility for TIL to be considered as a promising factor in terms of GC prognosis for clinical use.
Materials and methods

Patients and follow-up
There were 240 BC and 481 GC cases included in this study, all of which have received radical operation at the Department of Oncology, Zhongnan Hospital of Wuhan University (Wuhan, China) from December 2002 to February 2011. Major clinic-pathological characteristics including age, gender, tumor location, pathological types, lymph node metastasis, invasion depth, and distant metastasis were collected. In addition, the information of followup was available. TNM stages were determined according to the UICC/AJCC 7th TNM staging system. The primary end point for this study was overall survival (OS), which was defined as the interval from the date of surgery to cancer-related death. Additionally, the 3-year disease-free survival (DFS) and 5-year DFS were also assessed in the BC analysis.
Ethics statement
All patients provided written informed consent for their information to be stored in the hospital database, and we obtained separate consent for use of research. Study approval was obtained from independent ethics committees from Zhongnan Hospital of Wuhan University. The study was undertaken in accordance with the ethical standards of the World Medical Association Declaration of Helsinki.
H&E staining and image acquisition
Serial tissue sections (4-μm thickness) of BC and GC were prepared for H&E staining before proceeding to the following imaging studies ( Figure 1A ). Routine H&E staining was performed as previously published. 17 The digital images of H&E staining were captured under Olympus BX51 fluorescence microscope equipped with Olympus DP72 camera (Olympus Optical Co., Ltd., Tokyo, Japan), at 100× or 200× magnification ( Figure 1B ). Identical settings were used to avoid selection bias.
Morphological evaluation and quantification of stromal TILs
A standardized method for stromal TILs morphological evaluation was conducted according to the International Immuno-Oncology Biomarkers Working Group. The exclusion criteria were as follows: TILs outside of the borders of tumor invasive front, TILs in tumor zones with crush artifacts, necrosis, and regressive hyalinization ( Figure 1C ). In the selected areas, stromal TILs were considered no co-evolution with cancer if not containing any tumor cells. Therefore, tumor cells should be present at all borders of the image field. To minimize selection bias, one section with at least 4 standard-compliant vision fields per patient was randomly selected and considered as adequate, with no focus on hotspots. Then, the percentage of TILs (psTIL) were obtained from selected images. The clinical information was unknown by two independent pathologists in advance.
The parameter psTIL was reported for the stromal compartment and calculated by the area occupied by stromal TILs over the total intratumoral stromal area, which was round up to the nearest 5-10% in this practice for as much detailed information. A magnification of ×100 or ×200 was optional if psTIL value was 0-10%, and 50-100%, while a higher magnification of ×200 was optimized if psTIL value was located in the intermediate group ( Figure 1D ). Then, a full assessment of average psTIL was determined. In this study, levels of psTIL were categorized according to the median value, which was determined as a threshold for survival analysis.
Statistical analysis
Statistical analyses were performed with IBM SPSS 19.0 software (SPSS Institute, Chicago, IL, USA). Correlations between psTIL and clinic-pathological parameters were calculated with the chi-square test. Survivals were analyzed with the Kaplan-Meier method, by the use of the log-rank test for univariate analyses, and by use of Cox regression model for multivariate analyses. Receiver operating characteristic curve (ROC) analysis was used to determine the predictive value of the parameters. Twosided P-value of <0.05 was considered to be statistically significant.
Results
Prognostic values of psTIL in BC
A total of 240 BC patients were included in the present study. Baseline characteristics were summarized in Table  1 . The median age was 48.0 years, ranging from 29 to 78 years. According to the recommended methods, TILs have been evaluated in all patients. TILs were distributed in both intratumoral and stromal areas within tumor borders, whereas were more frequent and abundant in the stromal area through direct visualization of H&E staining results, as shown in Figure 2A1 . The median psTIL value was 5%, ranging from 0% to 100%. There were 142 (59.2%) and 98 (40.8%) cases divided into psTIL-Low (L) and psTILHigh (H) subgroups, respectively. Representative views of psTIL-L and psTIL-H are shown in Figure 2A2 and A3. Consequently, no statistically significant correlations could be found between psTIL and age, menopausal status, tumor size, clinical nodal status, TNM stage, histological grade, and OS status (P>0.05 for all). Kaplan-Meier survival analysis was conducted according to OS (Figure 2B ), HE section Image TILs
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Step 4: Define stromal area and assess psTIL Figure 1 The flowchart of study design and stromal TILs evaluation. Notes: (A) Routine H&E staining method was adopted to assess TILs. (B) An Olympus BX51 fluorescence microscope was used for image acquisition at ×100 and ×200 magnification, respectively. Then, TILs were visually estimated on the morphological characteristics following a standardized methodology. (C) TILs should be assessed within the tumor borders of the invasive tumor. (D) Stromal TILs were defined and assessed according to steps shown from d1 (×100) to d2 and d3 (×200). In the image field, tumor cells should be present at all borders, which was indicated by green arrowheads. On this basis, different TILs areas should be evaluated at higher magnification (×200 in this study). Abbreviation: TILs, tumor-infiltrating lymphocytes. Figure 2C ), and 5-year DFS ( Figure 2D ), respectively. Among 98 patients in psTIL-H subgroup, no significant difference was observed (P>0.05 for all).
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Stromal TILs distribution features in GC
TILs could be evaluated in all GC patients (n=481). As shown in Figure 3 , TILs were frequently distributed in stromal compartments within tumor borders. Through direct visualization of H&E staining results, TILs were infrequently scattered in stromal areas in some GC cases ( Figure 3A , psTIL=1%), whereas abundantly accumulated in others ( Figure 3B , psTIL=70%). All psTIL values were determined and included for next-step analyses. The potential relationship of psTIL and histological grade seemed to be found by qualitative analysis. Compared with poorly differentiated adenocarcinoma ( Figure 3A ) and moderately differentiated adenocarcinoma ( Figure 3C , psTIL=30%), highly differentiated cases ( Figure 3D , psTIL=100%) had a tendency of higher psTIL values, which should be further confirmed by statistical analysis.
Correlations between psTIL and clinicpathological characteristics in GC
Among the 481 GC cases included in this study were 338 (70.3%) males and 143 (29.7%) females, ranging in age from 25 to 87 (mean ± SD: 59.0±11.9) years. According to the 7th UICC/AJCC TNM staging system for GC, there were 67 (13.9%), 108 (22.5%), 286 (59.5%), and 20 (4.2%) patients with stage I, stage II, stage III, and stage IV, respectively. The main demographic and clinic-pathological characteristics are presented in Table 2 .
The median value of psTIL in GC was 10%, ranging from 0% to 100%. The threshold was determined according to the median value. Thus, psTIL-L (≤10.0%) and psTIL-H (>10.0%) subgroups were observed in 269 (55.9%) and 212 (44.1%) patients, respectively. Correlations between psTIL and major clinic-pathological features in GC were summarized in Table 2 . psTIL-L was correlated with serosa invasion (P<0.001), advanced TNM stage (P=0.028), and poorer survival state (P=0.004). No statistically significant correlations could be observed with age, gender, tumor location, histological grade, and pN status (P>0.05 for all).
Survival analysis of psTIL in GC
For 481 GC cases, the median OS was 42.6 (95%CI: 32.7-52.5) months, and the 1-, 3-, and 5-year survival rate was 83.84%, 56.26%, and 43.35%, respectively. As expected, the traditional factors were associated with GC patients' OS, such as histological grade ( Figure 4A ), serosa invasion (pT) status, lymph node (pN) status ( Figure 4B ), distant metastasis, and TNM stage ( Figure 4C ) (P<0.05 for all).
There were 123 (45.7%) and 69 (32.5%) patients dead in psTIL-L and psTIL-H subgroups, respectively. The estimated 3-year survival rates (%) in the above 2 subgroups were 53.89% and 59.77%, respectively. The estimated 5-year survival rate (%) was 36.81% and 52.10%, respectively. The difference between psTIL-L and psTIL-H groups was statistically significant in terms of OS ( Figure 4D , P=0.030). GC cases with high psTIL tended to have longer OS. Detailed data are shown in Table 3 .
Multivariate and ROC analyses
To further clarify whether psTIL could have a prognostic value, univariate and multivariate survival analyses were performed. The univariate analyses revealed that high psTIL (>10%), histological grade, serosa invasion, lymph node metastasis, distant metastasis, and TNM stage were significantly associated with postoperative outcome (P<0.05 for all). In multivariate analyses, high psTIL (HR=0.734, P=0.047) was identified as an independent better prognostic factor. On the contrary, characteristics included in the TNM system (pT, pN status, and distant metastasis) and histological grade were identified as independent worse prognostic factors (Table 4) . Predictive values of the above-mentioned 5 independent factors (histological grade, pT, pN status, distant metastasis, and psTIL) were further studied by ROC analysis. TNM stage was also compared. Among the tested factors, distant metastasis was the weakest risk factor for death. psTIL Figure 3 Representative views of TILs in GC cases. Notes: (A) psTIL=1% (×200), poorly differentiated adenocarcinoma; (B) psTIL=70% (×200), mucinous adenocarcinoma; (C) psTIL=30% (×200), moderately differentiated adenocarcinoma; (D) psTIL=100% (×200), highly differentiated adenocarcinoma; stromal TILs were defined and assessed according to steps shown from c1 to c2, and from d1 to d2. Tumor cells presented at all borders were indicated by green arrowheads. Abbreviations: TILs, tumor-infiltrating lymphocytes; GC, gastric cancer; psTIL, the percentage of stromal tumor-infiltrating lymphocytes. 
Discussion
The assessment of immune infiltrate in tumors, most commonly referred to as TILs, is gaining importance in the current quest for optimal biomarkers. 18 TILs are mononuclear immune cells that infiltrate into tumor tissues. The presence of TILs reflects an individual immunological response state and contains potential clinical validity. 19 In this study, we validated the usage of the TILs evaluating methods in BC, as well as the appropriate implementation in clinical practice for GC. In addition, the prognostic effects of psTIL were explored and stratified using the median value were further investigated in GC patients.
Theoretically, the complexity and heterogeneity of TILs originate from specific phenotypes of the cellular surface molecules.
20, 21 Hence, TILs can be evaluated by analyzing various subgroups through immunohistochemistry (IHC) methods. 22, 23 However, it remains unclear whether IHC method allows more accurate analysis, and different TILs subtypes may indicate controversial prognostic relevance. 24 In research settings, many different methods are being used to investigate the host immune response to tumors. IHC and multiplexed fluorescent IHC with multispectral imaging allow the definition of the majority of immune cell subsets that can be refined by combinations of markers, including CD8 Because of its low cost, availability, convenience, and importance in prognosis, H&E-based evaluation method is more suitable in clinical practice and could easily be implemented in routine pathology diagnostics. In this study, H&E images were with vibrant colors, excellent contrast, and appropriate for direct visualization and measurement. In this study, our results showed that TILs could be demonstrably distinguished from other stromal areas and surrounding tumor nests, either in BC or in GC, which was essential for subsequent comparability. More importantly, it is reproducible, easy to determine, and quickly performed. Before the recommendation has been proposed, the extent of TILs infiltration assessed by simple morphological evaluation of H&E-stained views has been shown to have predictive and prognostic values for BC. 25, 26 Luen and his colleagues showed that patients in certain subtype with advanced HER2-positive BC treated with docetaxel, trastuzumab, and pertuzumab or placebo should consider TILs as a stratification factor and investigate whether Abbreviations: psTIL, the percentage of stromal tumor infiltrating lymphocytes; GC, gastric cancer; OS, overall survival; TNM, tumor-node-metastasis.
therapies that can augment immunity could potentially further improve survival. 27 In addition, further studies have shown that there is a strong linear relationship between the increase in TILs and improved DFSl for triple-negative and HER2-positive disease. 28 In this study, the prognostic value of TILs in BC has been explored, which is similar to the previous studies across all BC subtypes that have uncovered the prognostic significance of TILs. 29 All results revealed the high heterogeneous of BC, suggesting different biology of the immunological infiltration in different BC subtypes. 30 Interesting, this study showed the prognostic value of psTIL in all GC but not certain subtypes by the H&E-based evaluation. Considering the higher morbidity and mortality of GC in China, a total of 4,185 patients were enrolled in a recent meta-analysis to evaluate the prognostic significance of TILs subsets in GC. 31 TILs were summarized as potential prognostic biomarkers in GC; however, contradictory findings existed. Some studies had shown associations between higher quantities of TILs and greater proportions of patients achieving longer survival time, 32, 33 whereas some subtypes showed a bidirectional prognostic role or predicted worse prognosis. 34 As illustrated early, the difficulty of comparability among previous studies may be attributable to different methods, TILs subsets, and stratification decisions. In fact, few studies were conducted from the aspect of the percentage index according to the recommendation. However, further work is needed to ensure that the valuable information that could be obtained from TILs assessment is not lost due to issues of resource commitments, methodology, or lack of standardization. Notwithstanding, there is no current consensus on the best TILs distribution for predicting survival in GC. 35 In this study, GC cases with low psTIL were at high risk of serosa invasion, advanced stages, and poor survival. This result is in agreement with a retrospective analysis of a randomized phase 3 study, 27 suggesting TILs as a stratification parameter in clinical practice. Furthermore, psTIL was associated with GC OS in a linear manner with increasing TILs infiltrates associated with improved survival. Some studies observed TILs as a better predictor of patient survival at earlier stages or advanced stages of lung cancer. 36, 37 This result might originate from differing biological behaviors during GC progression, which was best conceptualized as cancer immunoediting. 38 During this process, TILs subgroups may play two-way regulating roles, with a predominant contribution to either protumor or antitumor. 12 Generally, TILs exist in intratumoral areas recruited by critical factors, 39 exerted antitumor immunity and thus high psTIL exhibited favorable prognosis. However, recent evidence also suggested that TILs subgroups like CD4+ regulatory T cells (Treg) might be responsible for the failure of host immunological surveillance by inhibiting local inflammatory processes. 40 Therefore, the functional role of psTIL differed in terms of GC clinical status. Our study has some limitations. It was a retrospective study with limited generalizability as all specimens were obtained from patients in China, and the distribution of clinical characteristics might be different in other areas. However, the significant contribution of China to the worldwide burden of GC supports the performance of an initial investigation of the importance of H&E-based TILs evaluation in a Chinese population. Thus, a prospective, international, multicenter clinical trial will be needed to further validate our findings.
Conclusions
In summary, this study comprehensively analyzed the roles of psTIL in solid tumor and demonstrated that H&E stainingbased semi-quantitative evaluation obtains a pragmatic, reproducible and easy assessment of stromal TILs. To our knowledge, the parameter psTIL could be served as an independent, favorable prognostic factor of GC. The classification of GC via stratification of psTIL could help predicting clinical outcomes and fine-tuning therapies in future practice.
Synopsis
In this study, the percentage of stromal TILs (psTIL) was reported semi-quantitatively by H&E staining-based evaluation. Two independent cohorts of BC (n=240) and GC (n=481) were included for evaluating the relationship between psTIL and clinic-pathological features, as well as OS. A beneficial OS of high psTIL was found in a linear manner with increasing TILs infiltration associated with improved OS [KaplanMeier survival curve: P=0.030; univariable (HR: 0.734, P=0.047) and multivariate analyses (HR: 0.722, P=0.030)]. Therefore, the parameter psTIL could be served as an independent, favorable prognostic factor of GC and certain subtypes of BC.
